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Discussions on Mobility Management (MM) during RAN2-RAN3-SA2 Joint Meeting (1st – 2nd September 2005, London, UK) revealed the general desire to reduce the number of UE states. For this reason, the resulting document SRJ-050246 lists three main states: LTE_Detached, LTE_Idle and LTE_Active.

Whilst Siemens acknowledges the desire for simplicity, this contribution aims to explain why a fourth state is required.

The “LTE_C-Connected” State

From SRJ-050246 it can be seen, that LTE_Active always assumes an existing connection from CN to NodeB (Transport Network Layer Resources established). Of course, such connection also requires knowledge of the location of the UE on NodeB level. 

In LTE_Idle, UE mobility is tracked on cell group level (“tracking area”). It is the view of Siemens that thereby it is not necessarily known with which NodeB the UE is associated, thus there is no point in having a user-plane connection (i.e. reserved Transport Network Layer Resources) established from CN towards a particular NodeB.

However, even if there is no user-plane, it perfectly makes sense that the UE has C-plane connection towards that entity handling the Radio Resource Control (RRC). Such a “LTE_C-Connected” state would serve the following purposes (independently whether RRC is terminated in NodeB or in an external RAN node like a Control-Plane-Server CPS):

· Initiation and delivery of UE measurements to RRC

· Location Update handling

· Mobile Originated Connection establishment (at transition from LTE_Idle to LTE_Active)

For the first two bullets, it is pretty self explaining that the signalling from UE should terminate at the RRC entity, whilst there is no need for creating a user-plane connection to the CN.

In the case of a Mobile Originated Connection, the UE will be in the “LTE_C-Connected” state at least during the transition phase, thus it should be part of a comprehensive state model.

If the “LTE_C-Connected” state is anyway part of the model, it would also be a valid approach to keep the UE in this state in situations where temporarily no U-plane traffic occurs. Indeed, introducing this state brings along bit benefits for speeding up (re-)establishment of the e2e-connection (i.e. transition to LTE_Active).

Proposal

1. It is proposed to agree on the necessity for a “LTE_C-Connected” State

2. RAN2 and RAN3 is tasked to review the LTE state descriptions within TR 23.882. In order to give respective feedback to SA2 it is proposed to liaiso to SA2 asking for inclusion in the state model (in chapter 7 of SA2 TR 23.882) a “LTE_C-Connected” State as shown in the text proposal below.

7.X
Key Issue Mobility Control

7.X.1
Description of the Key Issue Mobility Control

Note: 
Area Concepts within SAE/LTE work refer to “Tracking Areas” from now on. So whenever “Tracking Area” is mentioned a similar concept than “Routing Area” or “Location Area” is meant, details further below
The tracking area and paging concepts in mobile networks allow to minimise the mobility management traffic for inactive UEs. It is the sum of UE’s (periodic) area registrations with the network and the number of paging messages to all cells of the tracking area. UMTS employs two levels of registration and paging:  

· two tracking area concepts/mechanisms (URA and RA)

· two levels of “idle mode” and paging (URA_PCH and GMM-IDLE)

· two visited nodes with temporary subscriber data (RNC and SGSN)

Problems are caused in case of regional and national roaming restrictions and in network sharing scenarios. In URA_PCH the UE may cross RA boundaries without performing routing area updates. This may results in different service for a UE with roaming restrictions. When moved to the RA in GMM-idle it is rejected by the network. When moved in URA_PCH to that RA it might get service (or is rejected by RAN when data transfer is initiated, which is delayed by RAU and subsequent re-selection of a cell in another RA). Furthermore, some error cases may prevent that the UE is page-able. When the RAN changes locally for certain reason the UE state from URA_PCH to idle and the UE moved during URA_PCH to another RA than paging by the SGSN goes to another area. Such problems shall be avoided in the evolved architecture.

7.X.2
Solution for the Key Issue Mobility Control

The description of Mobility Control is handled in this chapter along Mobility States which reflect different needs of Mobility Control dependent on the user’s activity. From a CN point of view, 4 mobility states can be distinguished: LTE_Detached, LTE_Idle, LTE_Active, and in addition an LTE_C-Connected state which is similar to Idle.

Note:
The  “Dormant state” as mentioned in TR 25.913 might be defined as substates the LTE_Active state, which should be transparent to CN and will be further specified in RAN groups. 

These States are described in the following with respect to the network functions paging, tracking area update, inter- and intra-access mobility, handling of roaming restrictions and along the existence of established E-UTRAN U-plane resources and along the handling of user contexts in E-UTRAN. Description of the tracking area update requires the definition of an tracking area concept and the term “E-UTRAN” as well. The following table gives an overview:
Description of States 

[Note: revision marks below are against the current text in the Annex of 23.882. “Note 1” has been removed, “Note 2” changed to “note”.]

LTE_Detached: 

· The location of the UE is not known by the network (e.g. UE switched off, out of service);

LTE_Idle:

· State in which the UE has a low power consumption and can thus be kept for many days;

· Fast state transition to LTE_Active shall be supported (<=100ms excluding DTX and NAS signalling);
· Mobility: cell reselection by the UE and traffic area change registration to the network;

LTE_C-Connected:

· State in which the UE has a low power consumption and can thus be kept for some time;

· Faster state transition than from LTE_Idle to LTE_Active shall be supported (<=50ms excluding DTX);
· Mobility: cell reselection by the UE and traffic area change registration to the network, possibly handover depending on the mechanism by which the UE access time is reduced (e.g. logically dedicated signaling resource);
LTE_Active

· UE is able to perform Uplink/Downlink transport with minmal access delay (possibly scheduling delay only);

· Mobility: network directs the UE to serving cells;

	Mobility State
	Context in E-UTRAN

(including security parameters)
	E-UTRAN U-plane resources established:

Radio Resources
	E-UTRAN U-plane resources established:

Transport Network Layer Resources
	Paging within Tracking Area 


	Tracking Area Update

(please indicate size of Tracking Area, e.g. RA, NodeB)
	Intra-access mobility
	Inter-access mob -> UTRAN/

GERAN
	Handling of roaming restrictions
	Battery saving scheme

	LTE_
Detached
	No
	No
	No
	No
	No
	No
	No
	No
	inherently power saving 

	LTE_
Idle
	No
	No

	No
	Handled by RAN/CN
	Cell group level

UE triggered
	UE (re-)selects cells autonomously
	UE (re-)selects cells autonomously
	Within RAN (assisted by CN) or CN
	inherently power saving e.g. use of DRX cycle

	LTE_C-Connected
	Yes
	No

	No
	Handled by RAN/CN
	Cell group level

UE triggered
	UE (re-)selects cells autonomously
	UE (re-)selects cells autonomously
	Within RAN (assisted by CN) or CN
	inherently power saving e.g. use of DRX cycle

	LTE_
Active 
	Yes
	Yes
(shared)
	Yes
	No paging
	Cell/NodeB Level – No Tracking area update


	E-UTRAN directs UEs to serving cells,

(note)
	E-UTRAN directs UEs to serving cells,

(note) 
	Within RAN (assisted by CN) or CN
	There is a power saving substate within the Active Mode.  


 (note) Some companies think UE based selection may be required ina power saving  Substate of the Active state.

Definition of E-UTRAN as seen from CN

In order to hide the E-UTRAN internal architecture to the CN as far as possible the “E-UTRAN” is defined (similar as for UTRAN in TS 25.401) as consisting of one or several E-RNSs (Radio Network Subsystem) which offers the allocation and release of specific radio resources to establish means of connection in between a UE and the CN. The service area of an E-RNS consists of one or more Tracking Areas. An E-RNS contains exactly one logical entity the CN connects to for signalling reasons within the service area the E-RNS is responsible for. This logical entity is called E-UTRAN-CPS (E-UTRAN Control Plane Server). In turn, the CN has to have knowledge on the RNS’s service area.
Note: 
Whether the E-UTRAN-CPS coincides physically with the logical entity that provides the UP connectivity to the CN or even with an entity that actually provides the radio resources is FFS in RAN groups. 

An E-RNS controls all cells of one or more tracking areas.

Context handling in E-UTRAN

The E-UTRAN-CPS holds the UE context in an E-RNS. 

Note: 
There might be other logical or physical entities holding contexts for a UE as well.

The existence of an UE context in an E-RNS requires a signalling relation between the E-UTRAN-CPS and the CN-node serving the UE. This is true for the  the LTE_C-Connected and the LTE_Active State.

The UE context with an E-RNS contains, among other information, security contexts and location information which is needed especially for the dormant state to reach the C-plane latency performance goals.
Existence of established UP resources in E-UTRAN

In LTE_Idle and LTE_C-Connected State there is no UP-connection established between the E-RNS and the CN-node serving the UE.

Tracking Area Concept

There is only one Tracking Area Concept defined for both, CN and E-UTRAN. Cells within a Tracking Area are defined to be controlled by exactly one E-RNS. An E-RNS can provide services to one or several CN nodes for load- or RAN sharing reasons (~ Iu-flex).

Tracking Area Update with CN

Whenever the UE enters a new Tracking Area a Tracking Area Update shall be sent to the CN-node serving the UE. In case of LTE_Idle and LTE_C-Connected state, the Tracking Area Update is triggered by the UE; in case of LTE_Active state, the E-UTRAN-CPS triggers the UE to perform a Tracking Area Update. 

Intra-Access Mobility

In case an E-RNS needs to be changed in LTE_Active state the E-UTRAN-CPS of the target E-RNS shall trigger the UE to perform a Tracking Area Update; in case of an E-RNS change in dormant state, the UE context needs to be transferred in the course of the Tracking Area Update procedure; in LTE_Idle state only the CN-node is notified about an area change.

Note: 
Serving CN-node changes are not handled within this chapter.

Paging

The CN node pages the UE via the E-UTRAN-CPS whenever no UP connection is established towards the RNS. This holds for the LTE_Idle and the LTE_C-Connected state. In case of LTE_Active state, no CN paging is needed, mobility is handled RAN internally.

Handling of Roaming Restrictions

In LTE_Idle and LTE_C-connected state roaming restrictions are handled by the CN, in active state the RAN needs additional information in order to handle the UE specific neighbour-cell lists according to the subscriber-specific roaming restrictions.

Note:
It might be possible to limit the size of the relevant information (compared to the current SNA approach) through updating relevant information in the course of the Tracking Area Update procedure.
7.X.3
Impact on the baseline CN Architecture
It is FFS in which way a baseline CN is impacted 
7.X.4
Impact on the baseline RAN Architecture

The described Mobilty Control concept shall be only applicable for E-UTRAN, however, UTRAN might be impacted in terms of interworking (i.e. interworking w.r.t. mobility in different E-UTRAN states and UTRAN states have to be defined).
7.X.5
Impact on terminals used in the existing architecture
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